INTRODUCTION
============

Echinostomes (Digenea: Echinostomatidae) are intestinal trematodes of humans and animals and can cause mucosal inflammation, ulceration, and bleeding in the small intestine \[[@B1]\]. *Echinostoma*, *Echinochasmus*, *Acanthoparyphium*, *Artyfechinostomum*, *Episthmium*, *Himasthla*, *Hypoderaeum*, and *Isthmiophora* are the 8 major genera comprising the family \[[@B1]\]. Echinostoma, the type and the largest genus, consists of more than 60 species reported in the literature \[[@B2]\]. *Echinostoma macrorchis* is one of the species and was described originally from naturally infected rats, *Rattus rattus* and *Rattus norvegicus*, in Japan \[[@B3]\]. Infections with this echinostome have been found in other rodent species and also birds in Japan \[[@B4]-[@B6]\]. Natural human infections were reported in Japan \[[@B7],[@B8]\]. In countries other than Japan, the presence of *E. macrorchis* was reported only in Taiwan from rats (adults), snails (cercariae), and tadpoles (metacercariae) \[[@B9]-[@B11]\].

In Lao PDR, high prevalence of the liver fluke, *Opisthorchis viverrini*, and intestinal flukes, including *Haplorchis taichui*, *H. pumilio*, *H. yokogawai*, *Prosthodendrium molenkampi*, and *Phaneropsolus bonnei*, has been reported in riparian people in Vientiane Municipality, and Khammouane, Savannakhet, Saravane, and Champassak province \[[@B12]-[@B16]\]. However, reports on echinostome infections have been scarce. Human infections with *Echinostoma revolutum*, *Artyfechinostomum malayanum*, *Echinochasmus japonicus*, and *Euparyphium* sp. were reported recently from Khammouane province \[[@B17]\]. In December 2010, we detected echinostome metacercariae in a freshwater snail species, *Cipangopaludina* sp., purchased from a market in Vientiane Municipality and obtained adult flukes after experimental infection to rats and a cat. Here, we describe the morphologic characteristics of the flukes, including their surface ultrastructure, as observed by light and scanning electron microscopy.

MATERIALS AND METHODS
=====================

We purchased *Cipangopaludina* sp. snails ([Fig. 1A](#F1){ref-type="fig"}) in a local market of Vientiane Municipality, Lao PDR. The snail seller told that these snails were caught around Vientiane area. They were transported to our laboratory on ice, and were artificially digested according to the method previously described \[[@B18]\]. Briefly, the shell was broken and the animal was taken out. The snail bodies were ground in a mortar with a pestle, and the ground mixture was incubated at 37℃ with artificial gastric juice containing 0.6% pepsin (1:10,000) and 0.8% HCl solution (concentrated). The digested material was filtered through a sieve and rinsed several times with PBS until the supernatant became clear. Echinostome metacercariae were isolated from the sediment with the aid of a stereomicroscope.

The metacercariae collected were morphologically observed and measured using a light microscope. Two rats (Sprague-Dawley, males, bred under clean condition) were infected orally with 100 metacercariae each and a cat (male, bred under clean condition) was infected with 125 metacercariae. The adult flukes were recovered in the small intestines of the rats and cat at days 14 and 30 post-infection (PI), respectively. Twenty adult specimens, 10 each from the rat and the cat, were fixed with 10% neutral buffered formalin under a cover slip pressure, stained with Semichon\'s acetocarmine, and mounted in Canada balsam. They were then observed and measured using a light microscope (LM). In the animal experiments, the guidelines of animal experiments from Gyeongsang National University School of Medicine were followed.

To observe the surface ultrastructure of the adult flukes, some worms were washed several times with 0.2 M cacodylate buffer (pH 7.2) and fixed with 2.5% glutaraldehyde at 4℃. After washing 3 times with the same buffer, they were dehydrated through a graded ethanol series (50%, 70%, 80%, 90%, 95%, and 100% alcohol), dried with hexamethyldisilazane, coated with gold using a JFC-1100E ion sputtering device (Jeol, Tokyo, Japan), and observed with a XL-30S scanning electron microscope (SEM) (Philips, Amsterdam, The Netherlands) at a 20 kV accelerating voltage.

Voucher specimens were deposited in the U.S. National Parasite Collection, Beltsville, Maryland, as USNPC 105814-105815 (1 adult worm each from an experimental rat and cat), and Parasitology Laboratory, Seoul National University College of Medicine, Seoul, Korea, as SNUPC 201271-201278 (4 adult worms from a rat and 4 from a cat).

RESULTS
=======

Recovery of metacercariae and adults
------------------------------------

A total of 380 metacercariae of *E. macrorchis* were recovered from 30 *Cipangopaludina* sp. snails examined. The number of adult *E. macrorchis* specimens recovered at day 14 PI from 2 rats was 6 (6.0%) and 17 (17.0%), respectively. The number of specimens recovered at day 30 PI from the cat was 58 (46.4%). The overall worm recovery rate in 3 experimental animals during days 14-30 PI was 24.9% (81/325).

LM morphology
-------------

*Metacercaria* ([Fig. 1B, C](#F1){ref-type="fig"}): The metacercarial cyst was round or slightly elliptical and 113-128 (121)×113-125 (120) µm in size (n=10), with double cyst walls of 3.8-5.0 (4.5) µm in total thickness. The head collar was distinct, enveloping the round and subterminal oral sucker, with total 43 collar spines distributed around the head collar. The ventral sucker was slightly larger than the oral sucker. Excretory granules were bead-shape concretions and filled in 2 descending canals of the main excretory tube ([Fig. 1B, C](#F1){ref-type="fig"}).

*Adult* ([Figs. 1D-F](#F1){ref-type="fig"}, [2A-G](#F2){ref-type="fig"}; [Table 1](#T1){ref-type="table"}): Adult flukes, aged 14 or 30 days, were elongated and ventrally curved stooping the anterior end, and 3.9-6.3 (5.1)×0.7-1.1 (0.9) mm in size (n=20). Specimens recovered from the cat at day 30 PI (5.4-6.3 mm long; n=10) were slightly larger than those recovered from the rat at day 14 PI (3.9-4.7 mm long; n=10). The head collar was distinct, bearing 43-45 collar spines with 5 angle group spines on each lappet of the collar. The oral sucker was subterminal, prepharynx very short, pharynx well developed, and esophagus somewhat long. The cirrus sac was elongated oval, containing a saccular seminal vesicle, prostatic gland, and cirrus briefly armed at its terminal portion, and reached beyond the middle level of the ventral sucker. The ventral sucker was large and well developed, locating at the anterior one-fifth of the body. The ovary was round and located near the median line of the body between the Mehlis\' gland and uterine tubules. Two tandem testes were located near the posterior two-thirds of the body, and were characteristically large, slightly elongated, with slight indentations near the middle, having more or less irregular margins and a pointed posterior end of the posterior testis, Eggs were numerous and operculate with minute abopercular wrinkling or a knob, ovoid to elliptical, and 88-95×56-60 µm.

SEM morphology
--------------

The adult worm was elongated and had the largest width near the middle portion of the body ([Fig. 2A](#F2){ref-type="fig"}). The head collar was well-developed and prominent bearing total 43-45 collar spines ([Fig. 2B](#F2){ref-type="fig"}). Angle spines were 5 in number on each side ([Fig. 2B](#F2){ref-type="fig"}). A dorsal view of the head collar showed 2 alternating rows of collar spines ([Fig. 2C](#F2){ref-type="fig"}). In a ventral view, a worm was stooping its anterior body and showing the dorsal collar spines ([Fig. 2D](#F2){ref-type="fig"}). A close-up view near the anterior end of the worm showed a well-developed ventral sucker and a cirrus protruded from the genital pore with several tiny spines near its tip ([Fig. 2E](#F2){ref-type="fig"}). Scale-like tegumental spines were densely distributed on the ventral surface between the oral and ventral suckers, with their densities decreased posteriorly ([Fig. 2F](#F2){ref-type="fig"}). The tegument of the mid-dorsal portion of the body was devoid of spines ([Fig. 2G](#F2){ref-type="fig"}). Sensory papillae were distributed mainly on the tegument around the 2 suckers ([Fig. 2B, E](#F2){ref-type="fig"}).

DISCUSSION
==========

Our specimens had more or less elongated body and dorsally uninterrupted collar spines; therefore, could be assigned to the subfamily Echinostomatinae \[[@B19]\]. Their head collar is well-developed with a double crown of spines and their uterine tubules are long with numerous eggs, so that they were diagnosed as a member of *Echinostoma* \[[@B19]\]. *Echinostoma* species of birds or mammals that have 43-45 collar spines include *Echinostoma academica*, *E. aegyptiaca*, *E. attenuatum*, *E. australasianum*, *E. azerbaidjanicum*, *E. coromandum*, *E. coronale*, *E. dietzi*, *E. gotoi*, *E. macrorchis*, and *E. phasianina* \[[@B20]-[@B26]\]. However, it was not difficult to assign our specimens to *E. macrorchis* based on the body length of 6.5 mm, moderately developed head collar, large and round to elliptical testes with slight indentations near the middle and with more or less irregular margins, and a pointed posterior end of the posterior testis \[[@B3],[@B11],[@B27]\].

In SEM view of our specimens, the cirrus was characteristically protruded from the genital atrium and its terminal portion was armed with several minute spines. This contrasts to a previous report in which the cirrus of *E. macrorchis* was stated to be unspined when observed through light microscopy \[[@B11]\]. It was also difficult in our study to recognize the minute spines on the tip of the cirrus by light microscopy. Anyhow, the presence of tiny spines on the terminal portion of the cirrus is a new finding in *E. macrorchis* adult worms. The presence or absence of spines on the cirrus has been of taxonomic significance in several species of echinostomes. For example, *Echinostoma caproni* \[[@B28]\], *Echinostoma trivolvis* \[[@B28]\], *Echinostoma paraensei* \[[@B29]\], *Echinoparyphium recurvatum* \[[@B30]\], and *Himasthla limnodromi* \[[@B31]\] lack spines on the cirrus tegument, whereas *Himasthla alincia* \[[@B32],[@B33]\] and *Acanthoparyphium tyosenense* \[[@B34]\] have spines on the cirrus. The presence of minute spines on the cirrus tip seems to be one of the characteristic features for *E. macrorchis* adult flukes.

The life history of *E. macrorchis* has been studied in Japan \[[@B27],[@B35]-[@B39]\] and Taiwan \[[@B11]\]. In Japan, the first intermediate host was reported to be *Segmentina hemisphaerula* (syn. *S. mica*) and *Gyraulus chinensis* (syn. *Planorbis compressus japonicus* and *Gyraulus japonicus martens*), whereas in Taiwan, only *G. chinensis* was identified to be the first intermediate host \[[@B11],[@B36]\]. With regard to second intermediate hosts of *E. macrorchis*, various species of gastropod snails (*Assiminea*, *Biomphalaria*, *Bulinus*, *Cipangopaludina*, *Gyraulus*, *Hippeutis*, *Lymnaea*, *Physa*, *Segmentina*, *Thiara*, and *Viviparus*), bivalves (*Corbicula*), and amphibians (*Hynobius* and *Rana*) were reported in Japan and Taiwan \[[@B11],[@B39]\]. In the present study, *Cipangopaludina* sp. snails purchased in Vientiane Municipality, Lao PDR, were proved to carry *E. macrorchis* metacercariae. This is the first report to prove the presence of *E. macrorchis* life cycle outside of Japan and Taiwan.

The natural definitive hosts of *E. macrorchis* have included rodents (*Apodemus argenteus*, *A. speciosus*, *Microtus montebelli*, *Mogera* spp., *Rattus losea*, *R. norvegicus*, and *R. rattus*) \[[@B3],[@B5],[@B6],[@B9],[@B10]\], birds (*Capella gallinago gallinago*) \[[@B4]\], and humans \[[@B7]\]. Experimental infection was successful in rats \[[@B27],[@B35],[@B36]\] and mice \[[@B40]\]. In the present study, it is proven that the cat is a suitable host for *E. macrorchis* infection. Possible presence of human infections in Lao PDR is to be determined.

Differences were noted in the morphology and life cycle of *E. macrorchis* between Japan and Taiwan \[[@B11]\]. Metacercariae of Taiwanese *E. macrorchis* were smaller than those of Japanese worms, 121.7±3.6 µm×118.2±4.1 µm \[[@B11]\] vs. 139-159 µm×99-120 µm \[[@B41]\]. The metacercariae from Lao PDR (in our study) were almost the same in size as those from Taiwan \[[@B11]\]. Whether this difference is merely a geographical variation or is taxonomically significant should be determined through further studies, including molecular genetic analyses of each parasite isolate.

![The snail host, metacercariae, and adults of *Echinostoma macrorchis*. (A) *Cipangopaludina* sp. snails purchased in a market in Vientiane Municipality, Lao PDR. (B) A metacercaria bending within the cyst and showing the characteristic excretory granules. Bar=25 µm. (C) An adult fluke recovered from an experimental rat at day 14 post-infection showing the prominent head collar, 2 large and characteristically shaped testes, and cirrus sac extending beyond the anterior half of the ventral sucker. Bar=0.6 mm. (D) Another adult worm (aged 14 days) showing similar features of the head collar and 2 testes. Bar=0.6 mm. (E) Head collar of an adult fluke showing total 43 collar spines arranged in 2 alternating rows. Bar=50 µm. (F) Head collar of another adult fluke showing total 45 collar spines arranged in 2 alternating rows. Bar=50 µm.](kjp-51-191-g001){#F1}

![Scanning electron microscopic views of *Echinostoma macrorchis* adults. (A) Ventral view of a whole worm recovered from a rat at day 14 post-infection. Bar=0.7 mm. (B) A close-up view of its head collar. Bar=50 µm. (C) Dorsal view of the head collar and collar spines showing dorsal alternating spines. Bar=50 µm. (D) Ventral view of another worm stooping its anterior body and showing the dorsal collar spines. Bar=0.7 mm. (E) Close-up view of (A) (near the anterior end of the worm) showing the ventral sucker and a cirrus protruded from the genital pore with several tiny spines near its tip. Bar=80 µm. (F) Tegument of the mid-ventral portion of the body showing scale-like spines. Bar=50 µm. (G) Tegument of the mid-dorsal portion of the body devoid of spines. Bar=50 µm.](kjp-51-191-g002){#F2}

###### 

Comparison of *Echinostoma macrorchis* adults recovered from experimental rats and a cat with those described by previous authors

![](kjp-51-191-i001)

L=length; W=width.

^a^Recovered at day 14 (rat) and 30 (cat) post-infection.

^b^Not described.

^c^This size description may have been erroneous, since the ventral sucker size of the Japanese *E. macrorchis* reported later by other Japanese workers was larger, 0.35-0.64 mm \[[@B27],[@B40]\].
